Background and aims Vision is an important prerequisite for balance control and mobility. The role of objectively measured visual functions has been previously studied but less is known about associations of functional vision, that refers to self-perceived vision-based ability to perform daily activities. The aim of the study was to investigate the relationship between functional vision and balance and mobility performance in a community-based sample of older adults. Methods This study is part of a Geriatric Multidisciplinary Strategy for the Good Care of the Elderly project (GeMS). Participants (576) aged 76-100 years (mean age 81 years, 70 % women) were interviewed using a seven-item functional vision questionnaire (VF-7). Balance and mobility were measured by the Berg balance scale (BBS), timed up and go (TUG), chair stand test, and maximal walking speed. In addition, self-reported fear of falling, depressive symptoms (15-item Geriatric Depression Scale), cognition (MiniMental State Examination) and physical activity (Grimby) were assessed. In the analysis, participants were classified into poor, moderate, or good functional vision groups. Results The poor functional vision group (n = 95) had more comorbidities, depressed mood, cognition decline, fear of falling, and reduced physical activity compared to participants with moderate (n = 222) or good functional vision (n = 259). Participants with poor functional vision performed worse on all balance and mobility tests. After adjusting for gender, age, chronic conditions, and cognition, the linearity remained statistically significant between functional vision and BBS (p = 0.013), TUG (p = 0.010), and maximal walking speed (p = 0.008), but not between functional vision and chair stand (p = 0.069). Conclusion Poor functional vision is related to weaker balance and mobility performance in community-dwelling older adults. This highlights the importance of widespread assessment of health, including functional vision, to prevent balance impairment and maintain independent mobility among older population.
Introduction
Aging is associated with increasing prevalence of ocular diseases, and decline in different aspects of vision and vision-related functioning [1] . Despite these changes, the importance of vision to maintain postural control seems to increase with age [2] . Vision also plays an important role in mobility performance [3] . Therefore, it is not surprising that impaired vision has been reported as a major risk factor for falls among older adults [4] .
Among older adults the assessment of visual acuity alone may underestimate the degree of disability related to vision impairment because considerable changes may occur in visual functions other than acuity [1] . Many of these objectively measurable visual functions have found to associate with balance and mobility performance. In community-settings loss in contrast sensitivity [5] [6] [7] [8] , stereopsis [5] , visual fields [7, 9] as well as visual acuity [8] have been associated with impaired postural control or mobility. However, less is known about interactions between these different types of vision impairment [10] .In addition, objective measurements of visual functions do not take into account the role of environmental, task-specific and individual factors affecting performance [11] . For example, daily functioning of older adults may take place under lessthan-optimal conditions of lighting and contrast [12] . Furthermore, there may be great differences in abilities to compensate vision impairment with other resources such as muscle strength, balance and reaction time to maintain safe and independent mobility [5, 6] . Therefore, assessment of visual functioning has been approached from different perspectives. A clear distinction has been drawn between objectively measured visual functions, i.e., how the eye functions, and functional vision, i.e., how vision deficits may affect functioning in daily and social activities [13] .
Several functional vision questionnaires have been developed to measure vision impairment caused by cataracts [14] . Later assessments of self-rated functional vision were proposed to be useful for vision screening of community-dwelling older adults [15] and for assessing their risk of falling [16] . Thus far, however, the relationship between self-rated functional vision and physical functioning has not been evaluated using well-established physical performance tests [17] . The aim of this crosssectional study was to investigate whether there is a relationship between self-rated functional vision and objective measures of balance and mobility among older adults living in community.
Methods

Study design and participants
The data of the present cross-sectional study were drawn from the Geriatric Multidisciplinary Strategy for the Good Care of the Elderly project (GeMS). This was a populationbased randomized comparative study conducted in the city of Kuopio, Finland from 2004 to 2007. The objective of the GeMS study was to evaluate a model for geriatric assessment, care, and rehabilitation. The study is described more detailed in [18] . A random sample of 1,000 persons (500 each in the intervention and comparison groups) was selected from all the inhabitants of Kuopio aged C75 years in November 2003 (n = 5,615). The present study used cross-sectional data from the year 2005, when the sevenitem visual function index (VF-7) was used for the first time in the GeMS study. A multidisciplinary intervention, focused on medication, nutrition, and exercise, had started during the preceding year. Of the original sample of 1,000 persons, 717 were examined in 2005. Losses from the study were due to 164 refusals, two participants who moved away, 116 deaths, and one person who could not be reached before the scheduled examination. Residents of long-term care facilities were excluded from the present study (n = 72). To ensure the reliability of the assessments, we further excluded 40 people who scored 17 or less on the mini-mental state examination (MMSE). In addition, participants were excluded if they had missing data on the VF-7 (n = 4) or on all of the balance and mobility tests (n = 25). Thus, the final study population comprised 576 community-dwelling participants. The Research Ethics Committee of Northern Savo Hospital District and Kuopio University Hospital approved this study, and all of the participants gave their written informed consent prior to participation in the study.
Data collection
Three trained nurses, two physiotherapists, and two physicians were responsible for the data collection for the present study. Data collection was supplemented by a caregiver interview if a participant had difficulty in answering the questions. The balance and mobility measurements were done by the physiotherapists. If the participant was unable to visit the outpatient clinic, the measurements and interviews took place in the participant's home.
Balance and mobility
The Berg balance scale (BBS) was used to assess balance by observing the participant performing 14 different functional activities [19] . The overall score range is 0 (severely impaired) to 56 points (excellent). The timed up and go test (TUG) was used to assess balance and basic mobility skills [20] . The patients were instructed to stand up from a chair, walk for a distance of 3 m at maximal speed, turn, walk back, and sit down on the chair. A modified chair stand test [21] was used to assess the ability of participants to perform sit-to-stand and stand-to-sit tasks five times as fast as possible. As a modification of the original test, hands were held to each side and participants were allowed to help with their hands if needed. Maximal walking speed (m/s) was measured for a 10-m distance. Two markers were used to indicate the start and finish of the 10-m path. Participants started walking 2 m before the first mark and were instructed to continue walking past the end mark for a further 2 m, so that they were walking at their maximal pace within the timed 10 m path.
Performance measurements were always done in a same order. Each test was performed once. If the participant did not seem to fully understand the instructions, the tester repeated those once. The flooring was standardized so that all balance and mobility tests were conducted on a rigid floor surface. The participants had shoes on except in BBS. For all of the timed tests time was measured with a stopwatch, and use of a walking aid was allowed (n = 81) in the TUG and maximal walking speed tests.
Functional vision
Functional vision was assessed by the VF-7, a modified version of the VF-14 [22] . The VF-7 comprises seven activities dependent on functional vision and is validated for use in patients with cataracts [23] . Patients are asked how much difficulty they have doing each activity, with or without glasses. The activities are reading small print; seeing steps, stairs, or curbs; reading traffic, street, or store signs; doing fine handwork; cooking; watching television and driving in darkness. Each question is scored as follows: 4, 3, 2, or 1, respectively, if the subject has no, little, moderate, or a great deal of difficulty performing the activity, and 0 if the subject is unable to perform the activity due to lack of vision. An item is not included in the scoring if the patient does not do the activity for reasons other than his or her vision. The score is obtained by averaging responses across all activities and multiplying by 25. Scores range from 0 (representing maximum impairment) to 100 (representing no impairment).The response rate varied between 97 and 100 % for all other VF-7 questions, but was lower for the questions about cooking (n = 519, 90 %) and driving in darkness (n = 99, 17 %). Only 114 participants had a valid driving license, and the gender distribution of the respondents for the question about driving in darkness was uneven (16 women and 83 men). Thus, the question was dropped from the final index.
For analytical purposes, participants were categorized into three groups according to their VF-7 results: (1) poor functional vision, VF-7 score B75, (n = 95); (2) moderate functional vision, scores between 75 and 100 (n = 222); and (3) good functional vision, the score of 100 (n = 259). The cut-off value between poor and moderate functional vision groups (VF-7 score = 75) represented a sum score in a theoretical situation in which participant stated that they had little difficulties (score 3) with all of the activities in question.
Health status
Cognitive function was assessed using the MMSE [24] and depressive symptoms were assessed using the 15-item Geriatric Depression Scale (GDS-15) [25] . Body mass index (BMI, kg/m 2 ) was calculated from body weight and height measured by the study nurses. The use of medication was self-reported by participants, and was verified against prescription forms, drug containers and medical records. Ocular status was defined by interviewing the participants and verifying the information and diagnoses against medical records. In addition, glaucoma diagnoses were verified from the Special Reimbursement Register (maintained by the Social Insurance Institution of Finland).
Comorbidity was computed using a modified functional comorbidity index (FCI), which is a validated scale that predicts physical function in older adults [26] . The FCI takes into account the number of medical conditions, with higher scores indicating greater comorbidity. In this study, data on the following medical conditions were available: rheumatoid arthritis and other connective tissue diseases, osteoporosis, chronic asthma or chronic obstructive pulmonary disease (COPD), coronary artery disease, heart failure, myocardial infarction, Parkinson's disease or multiple sclerosis, stroke, diabetes, depression, visual impairment, hearing impairment, and obesity (BMI [30) . Patient diagnoses obtained from the Special Reimbursement Register were used to screen for the presence of rheumatoid arthritis and other connective tissue diseases, chronic asthma or COPD, Parkinson's disease, and multiple sclerosis. For the purposes of this study, the FCI item of visual impairment (i.e., presence of an eye disease that could potentially impair eyesight) was omitted.
Fear of falling, self-rated mobility and physical activity Participants' fear of falling was investigated by asking them the question ''Does fear of falling restrict your everyday locomotion?'' The possible answers were: no; yes, outdoors in slippery conditions; yes, outdoors in winter; yes, outdoors year-round; or yes, indoors). In the analysis, the ''yes'' responses were combined under the single response ''yes.'' Self-rated mobility was assessed by asking whether respondents could walk 400 m (yes; yes, with difficulty, but without help; not without help; or no).
In the analysis, the categories ''yes'' and ''yes, with difficulty, but without help'' were combined under the single category ''yes independently''. The level of physical activity was assessed using a modified version of the scale by Grimby [27] . The participants were categorized on the basis of their self-rated physical activity into a low-activity group (no other exercise, at most light walking 
Results
Of the 576 participants in the present study, 70 % (n = 402) were women and the mean age of the participants was 81 years (range 76-100 years). The mean (SD) VF-7 index for the whole study group was 88.2 (18.7); 88.4 (20.9) for men and 88.1 (20.1) for women. The characteristics of the participants, grouped by level of functional vision, are shown in Table 1 . Groups differed significantly with regard to all demographic, health and activity characteristics except for gender and BMI. The participants in the poor functional vision group were older and their years of education were fewer compared to those with moderate or good functional vision. Participants with poor functional vision had higher FCI scores and a higher number of medicines, and they were more likely to have macular degeneration, glaucoma, a lower limb endoprosthesis or history of hip fracture. They also had lower MMSE and higher GDS-15 scores. In addition, participants in the poor functional vision group were less physically active, less often able to walk 400 m independently, and more often had a fear of falling compared to those with moderate or good functional vision.
The (Fig. 1) .
Discussion
This cross-sectional study found a significant relationship between functional vision and objectively measured balance and mobility performance among community-dwelling people aged C76 years. The average results of balance and mobility tests were significantly poorer among persons with poor functional vision compared to those with moderate or good functional vision. After adjusting for gender, age, cognition and comorbidity, linear association still remained significant for BBS, TUG and walking speed but not for chair stand results.
The level of balance and mobility performance that older adults with poor functional vision achieved in this study may have harmful consequences. Adequate vision is important for maintaining balance and detecting and avoiding hazards in the environment [28] . In earlier studies, older adults with BBS scores of \46 were more likely to develop ADL difficulty over an 18-month period [29] , and they were at increased risk for multiple falls if their BBS score was \45 [30] . For the TUG test was reported that performance time of [14 s [31] predicted higher risks of falling. In addition, a walking speed of at least 1.2 m/s is generally required to cross the road safely during a green light [32] . In our study, the participants with poor functional vision performed below all of these cut-off levels indicating that risk factors for disability and future falls seem to accumulate. It has been previously found that in addition to detecting hazards in the environment, vision plays an important role in maintaining stability when standing or moving [28] . Thus, it appears that good vision provides support for safely and quickly undertaking the chair stand test [33] . In this study, an independent association between functional vision and chair stand test performance was not found. In a previous study, chair stand test performance was weakened only among persons with more severe visual impairments compared to walking speed, stair climbing, and tandem standing tests where problems occurred already with milder visual impairments [34] . Compared with other physical performance tests used in the present study, the chair stand is less demanding in terms of balance control and vision because no navigation in the environment is needed [28] . The sit-to-stand performance is though influenced by visual function, particularly contrast sensitivity, but there are several other factors associated with the test time, the most important being quadriceps strength [33] . Consequently, in the chair stand test older adults may to some extend better compensate their visual limitations than in the other tests used here.
The found cross-sectional association between functional vision and balance and mobility performance may have several explanations. Independent and safe mobility is a complex action where movement emerges from an interaction between the individual, the task, and the environment [11] . On individual level postural control of stance and locomotion requires function of motor, sensory, and cognitive systems, which all are affected by aging [2] . In addition to these physiological changes, declines in health including number of comorbidities, depressiveness and memory problems were common in the poor functional vision group. These results are consistent with the findings of previous studies in which depression [35] and cognitive decline [36] were more prevalent among older adults with poor functional vision. Thus, strategies to compensate for the effects of vision impairment were more limited among persons with poor functional vision [37] . This idea suggests that the role of vision in balance and mobility performance may become even more critical in old age when health problems tend to accumulate.
One possible explanation for weaker balance and mobility performance might be the avoidance of physical activity due to reduced functional vision. Our findings of low physical activity and fear of falling among the participants with poor functional vision was concordant with the findings of Kempen et al. [38] . Poor vision is a wellestablished risk factor for falling among older adults [4] ; a functional vision index, the Activities of Daily Vision Scale, has been reported to be a useful tool to assess falling risk in older adults [16] . A cause-and-effect relations cannot be concluded because of the cross-sectional design of the present study, but previous longitudinal studies support the default hypothesis that poor functional vision is a predisposing factor for development of fear of falling [39] , and fear-related avoidance of physical activity predicts declines in balance and mobility performance [40] . Characteristics of participants in this study are parallel to this idea: history of hip fractures, fear of falling, impaired ability to walk 400 m, and low physical activity were more prevalent among participants with poor functional vision.
Vision impairment and vision-related balance and mobility limitations seem to weaken ability and willingness to be physically active. Decreasing physical activity may speed up sarcopenia and muscle strength especially after an age of 75 years [41] . Older adults share numerous overlapping pathways and risk factors for disability such as decreasing physical function, increasing number of chronic medical conditions and impaired vision [42] . Thus, both multifaceted assessment and rehabilitation of balance and mobility performance are important components of disability prevention among visually impaired older adults.
Strengths and limitations
A major strength of this study is that it comprised a large representative population sample of community-dwelling older adults aged 76-100 years. Another strength is the use of objective and valid measures of balance and mobility performance. In addition, the measures were conducted by physiotherapists who were familiar with and well educated to these tests. Furthermore, the sample was probably more representative of the general population of people aged 76-100 years than those in previous studies, because the interviews and measurements were done at participants' homes if they were unable to come to the study clinic. Thus, more frail community-dwelling subjects were included in the study. Cognition had some impact on reliable self-assessment and on understanding and retaining the instructions. We tried to minimize the confounding effect of cognitive impairment on the participants' selfrating of their functional vision by excluding the participants with the lowest MMSE scores (B17) and adjusting the analysis with MMSE scores.
This study also has some limitations. Due the crosssectional design, causal inferences cannot be made. In addition, the generalizability of the results may be limited, because we excluded the frailest participants, who were unable to perform balance and mobility tests, and the participants residing in institutional care. Any populationbased cut-off scores for VF-7 have not been established and therefore we needed to base the grouping in theoretical cut-off scores. Further, the present data was not collected at the baseline of the intervention study, but 1 year later. The multidisciplinary intervention, focused on medication, nutrition, and exercise, had started gradually during the preceding year. As part of the exercise counseling intervention, 153 participants had started weekly strength and balance training at the gym during the fall of 2004 or the year 2005 before the assessments. However, the assessment of functional vision and the physical performance measurements were made cross sectionally without any time disparity. The VF-7 and the original VF-14 questionnaires were designed to allow clinical practices to assess severely impaired populations. In this population-based sample, 45 % of the participants had no visual impairment (full score on VF-7); thus, a ceiling effect was notable. In population-based studies, questionnaire items that are seldom answered must be considered [15] ; in our study, this resulted in the driving at night question being dropped from the final index. The findings of the present study suggest that the relevance of functional vision items to communitydwelling older adults should be carefully considered.
In conclusion, poor functional vision was related to worse performance in balance and mobility tests among community-dwelling older adults. Poor functional vision often coexisted with other health problems but there was also linear association independent of gender, age and comorbidity between the functional vision and performance in balance and mobility tests. This indicates a need for widespread assessment of health, including functional vision, when aiming to prevent balance impairment and mobility limitations, as well as falls and disabilities, in older adults.
